Summary
Introduction
The activity of the respiratory system is an integral process that comprises a plurality of variable parameters, which mutually coordinate activities that implement pulmonary ventilation and gas exchange between the outer space and blood. When analysing literature, it was established that the pulmonary function changes, changing only some of the pulmonary function providing mechanism parameters such as individual rib movement and the left and right ribs synchronous operation, affect not only the respiratory system but also other body systems (Ситель,1992; McCance et al., 2010) . In the literature on the respiratory system evaluation, used methods are viewed simple as functional tests that evaluate lung volume changes and modern 3D computer models of respiratory function, which emphasize the measurements of all the thorax as a whole (Grants, 1973; Taivans, 1997; Kibble, Halsey, 2009 ).
Most of the mentioned methods view thoracic motion as movements of an undivided biomechanical system without analysing a separate element of the movement of the thorax, for example, ribs and their joint impact on the overall movement of the thorax, which, in turn, can affect lung volume changes.
The aim of the study: to find out how reflector irritation affects parameters that characterize respiratory cycle in the level of vertebral column segments C0-C3 and C6 -Th3.
Research methods
The study included 20 men of age 20-25 with a common feature of the deep neck flexor muscle weakness.
To assess their ribs pair (3 rd , 4 th , 5 th ) mobility and movement asymmetry between right and left ribs of the body, photogrammetric method was used.
Photogrammetry method: photogrammetry method was used to determine the coordinates of particular anatomical points of rib cage in this study.
Photogrammetry method was used for ribs pair (3 rd , 4 th , 5 th ) mobility assessment in sagittal plane. Before taking photo, the examinee under investigation was attached with markers on relevant anatomical points, i.e., 3 rd , 4 th , and 5 th pairs of ribs in lateral 7 cm (distance) from the midline of the sternum, to ensure optimum opportunity for determination of rib movements. Afterwards, body photography in sagittal plane was carried out -the tested subject was on the couch lying on his back behind two in 90 0 angle placed rulers defining the test plane in orthogonal Cartesian coordinate system. The position of the horizontal axis (X axis) of this plain was controlled with the help of the level.
The resulting photos have been treated with ArchiCAD software determining the coordinates of the controlling markers in the frontal plane. A point displacement was measured in one maximum inspiratory and expiratory cycle in relation to the horizontal (X axis) and the vertical axis (Y axis).
Spirometry method: the method of spirometry was used to evaluate pulmonary vital capacity. Lung vital capacity test was performed with spirometer ''Clement Clarke, One Flow FVC (UK)". Reflector irritation was made using manipulations on C0-C3 segment and C6-Th3 segment according to K. Lewit joints manipulation methodology (Левит, Захсе, Янда,1993) (Fig. 1) which is based on influence on joint capsule neurology described by M. A. R. Freeman and B. Wyke (Freeman, Wyke, 1967) Methods of mathematical statistics: processing of the obtained data was carried out with "Microsoft Office Excel" program and the "Microsoft Office Excel" add-ons "Statistics 3.1." and SPSS statistical analysis software. In the first stage, the method of descriptive statistics was used aiming to determine whether the group measurement data was consistent with the normal distribution (the significance level α < 0.05); on the basis of this result other methods of mathematical statistics were chosen for further data processing. For analysis of the parameters (the ribs mobility (3 rd , 4 th , 5 th pair); lung vital capacity indicator) in processing quantitative data, the Student's t-test for related groups (data is consistent with normal distribution) was used. The significance level (α) of result difference was chosen α ≤ 0.05.
Results
Analysing the acquired results, it can be seen ( Fig.  2 ) that in one inspiratory and expiratory cycle before reflector irritation 3 rd right rib movement along X axis in group was on average 2,95 ± 0,13 cm; after the reflector irritation, the movement has increased by 0,61 cm. The left 3 rd rib movement in group was on average 2,88 ± 0,14 cm; after the reflector irritation, the movement has increased by 0,63 cm. The changes of the results are statistically significant (α ≤ 0,05).
When looking at 4 th ribs pair results, it can be seen that in one breathing cycle before reflector irritation 4 th right rib movement along X axis in group is on average 3,01 ± 0,67 cm, but 4 th left rib movement in group is on average 2,94 ± 0,15 cm. Analysing the 4 th ribs pair results after the reflector irritation, it can be seen that in one breathing cycle 4 th right rib movement along X axis in group is on average 3,59 ± 0,70 cm as the movement has increased by 0,58 cm and 4 th left rib movement in group is on average 3,69 ± 0,14 cm as the movement has increased by 0,75 cm. The changes of the results are statistically significant (α ≤ 0,05). When looking at 5 th ribs pair results before and after the reflector irritation, one can see that in one breathing cycle 5 th right rib movement along X axis in group is on average 3,25 ± 0,14 cm, but after the reflector irritation 5 th right rib movement along X axis in group is on average 3,74 ± 0,14 cm as the movement has increased by 0,49 cm. The left 5 th rib movement before reflector irritation in group is on average 3,04 ± 0,16 cm, after the reflector irritation the mean measurement of the group is 3,66 ± 0,15 cm as the movement in the 5 th left rib has increased by 0,62 cm. The changes of the results are statistically significant (α ≤ 0,05).
Analysing movement along Y axis in one breathing cycle before and after the reflector irritation, according to the acquired results, it can be seen that 3 rd right rib movement in group is on average 1,83 ± 0,07 cm, but after the reflector irritation 3 rd right rib movement in group is on average 2,22 ± 0,08 cm as the movement has increased by 0,39 cm. Before the reflector irritation 3 rd left rib movement in group is on average 1,80 ± 0,06 cm, but after the reflector irritation 3 rd right rib movement in group is on average 2,19 ± 0,07 cm as the movement has increased by 0,39 cm. The changes of results are statistically significant (α ≤ 0,05).
Evaluating the amount of movement of the 4 th ribs pair along Y axis in one breathing cycle before and after the reflector irritation, it can be seen that 4 th right rib movement range in group is on average 2,15 ± 0,07 cm, but after the reflector irritation 4 th right rib movement range in group is on average 2,56 ± 0,07 cm as the movement has increased by 0,41 cm.
Before the reflector irritation 4 th left rib movement range in group is on average 2,29 ± 0,08 cm, but after the reflector irritation the movement range in group is on average 2,64 ± 0,07 cm as the movement has increased by 0,35 cm. The changes of the results are statistically significant (α ≤ 0,05).
Comparing the results before and after the reflector irritation, one can see (Fig. 3 ) that 5 th right rib movement along Y axis in one breathing cycle before the reflector irritation in group is on average 2,44 ± 0,09 cm, after the reflector irritation the movement range in group is on average 2,93 ± 0,10 cm as the movement has increased by 0,49 cm. Before the reflector irritation 5 th left rib movement in group is on average 2,54 ± 0,09 cm, after the reflector irritation the movement in group is on average 2,92 ± 0,08 cm as the movement has Lung vital capacity assessment before and after the reflector irritation. To evaluate the research group members' lung vital capacity, spirometry method was used. Summing up the results, it can be seen that the group average before reflector irritation was 5,55 ± 0,09 l. Under Harris Benedict's developed tables for lung vital capacity assessment, the obtained result corresponds to an average trained young man's indicators. Summarizing the results about vital lung capacity in the study group after the reflector irritation, it is evident that group average has increased by 0.28 l and draws up to 5.83 ± 0.09 l. This parameter change is statistically significant (α ≤ 0.05).
Discussion
In the study group ribs pair (3 rd , 4 th , 5 th ) mobility and their mutual asymmetry were estimated. The literature describes causes of separate ribs mobility asymmetry:
-rib movement selective restrictions can be caused by thoracic spine vertebrae functional position changes, and vice versa (Иваничев, 1998) ; -rib vertebral joint movement restrictions and rib sternal articular restrictions (Иваничев, 1998) ; -respiratory muscles and breathing ancillary muscles tone change and functional length restrictions (Ratnovsky et al., 2003) ; -local slipping restrictions between the membrane that embraces lungs and the membrane covering the inner surface of the thorax. Such local mutual disturbances of slipping restrictions of membranes can be caused by inflammation either in lung lobes and bronchi or even in the upper airways (Murraya et al., 2012) .
Assessing ribs pair movement along the vertical and horizontal axes in the sagittal plane, it can be seen that rib pairs (3 rd , 4 th , 5 th ) movement along horizontal axis (X axis) are very similar and do not make any significant movement asymmetry between the right and left ribs.
Movement along the vertical axis (Y axis) for rib pairs differs and the smallest movement range is for the 3 rd ribs pair. 4 th ribs pair movement range along Y axis is statistically valid (α ≤ 0,05) and bigger than 3 rd ribs pair movement. We evaluated separate rib pairs (3 rd , 4 th , 5 th ) mobility, movement asymmetry, and neuroreflectory activities influenced by manipulations on spinal vertebrae C0-C3 and C6-Th3 segments, which after the neural regulation are located remote from the ribs.
It must be noted that manipulations in all cases along X axis have caused increase in rib movement range. Considering checked ribs, the biggest effect from the manipulations was on the 3 rd and 4 th rib on the left side of the body, which is proved by the increase of the movement range for the 3 rd rib by 0,63 cm and 4 th rib by 0,75 cm on X axis, which is statistically valid (α ≤ 0,05). Such increase of the rib movement range on the left side of the body reflectory could be associated with head-neck part lateroflexion in statistics, for which a cause can be a block in C0-C1 joint. Such head-neck part lateroflexion in statics with a block in C0-C1 is described in the literature (Zariņa, 2013 (Zariņa, /2014 .
In the same way after neck segment manipulations, the increase in movement range can be seen also for all checked ribs along Y axis. The biggest effect was on 4 th and 5 th ribs in the right side of the body, which can be proved by the increase of the mobility in 4 th rib by 0,41 cm and in 5 th rib by 0,35 cm on Y axis, which is statistically valid (α ≤ 0,05). It can be explained by reflector connection between C0-C1 joint mobility and diaphragm mobility during the breathing cycle, which is described in the literature (Левит et al., 1993) .
If ribs movement asymmetry is analysed, i. e., right and left rib movement range of the definite ribs pair, it can be seen that stated small differences either before or after manipulations are not statistically valid. Consequently, according to the results, it can be seen that the manipulations of the spinal vertebrae segments C0-C3 and C6-Th3 reflectory influence rib movement range either in horizontal or vertical direction in sagittal plane, but they do not significantly change the ribs pair movement asymmetry. Lung vital capacity measurements before and after the manipulations of the spinal vertebrae segments C0-C3 and C6-Th3 show statistically valid increase by 0,28 l. Also, this result approves the before mentionedthat manipulations reflectory influence the mobility of the thorax. Therefore, the manipulations of the spinal vertebrae segments C0-C3 and C6-Th3 can be used as a reflector therapy approach for the increase of the mobility of the thorax, but concrete ribs pair movement asymmetry should be eliminated by removing the rib movement limiting factors.
